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USER'S GUIDE TO MOAOPS AND BOOM-MAP COMPUTER PROGRAMS FOR
SONIC BOOM RESEARCH

1.0 INTRODUCTION

This report presents a user's guide to two computer programs
for analyzing noise from supersonic aircraft operations in
military operating areas (MOA's). The two programs are designed
to extract and analyze information from the Tactical Air Crew
Combat TrainingﬁSystem/Air Combat Manuevering Instrumentation
(TACTS/ACMI)e manufactured by the Cubic Corporation. ” The
TACTS/ACMI system digitizes various positiocnal and performance
paraneters of the aircraft on the range at frequent intervals for
later replay in graphic or tabular form during air crew
briefings.

* 'The MOAOPS program extracts information from a TACTS/ACMI
mission standard data tape and compiles a library of information
concerning the supersonic operations. The BOOM-MAP program
utillizes the library produced by the MOAOPS program. BOOM-MAP
calculates various statistics on the super-sonic operations. It
also calculates expected sonic-boom levels on the ground based on
the extracted information. Both programs are written in Fortran
77 and operate in batch mode on-Control Data Corporation (CbC)

. Cyber 170 Series machines.

- The output of the BOOM-MAP program consists of: a) wvarious
statistical summaries:; b) flight track information; c¢) calcu-
lated noise levels at a grid of ground positions (100 x 100
matrix)., The output of the BOOM-MAP program is designed to be
compatible with GPCP, a general purpose contouring program.
Through the use of the GPCP program, the BOOM-MAP output can be
displayed in terms of a) a map showing the flight track segments
where the aircraft was supersonic; b) displays of the calculated

sonic~boom "noise" in terms of several metrics.
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Section 2 of the report is a user's guide to the MOAOPS
program, while Section 3 is a user's guide for the BOOM-MAP
program. Appendix A describes the computational equations and

|
i

N

modeling algorithms predicting sonic boom characteristics on the

e

o,

ground. Appendix B contains information on the TACTS/ACMI 1

ol

mission standard data tape from the vata Reduction User Guide by
Cubic Corporation. Appendix C presents examples of computer
outputs from the MOAOPS and BOOM~-MAP programs. Appendix D (which
constitutes Volume 2 of this report) contains listings of both
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MOAOPS and BOOM-MAP programs.
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MOAOPS PROGRAM

2.1 Overall Description

The MOAOPS program is .n two parts, a data extraction
program EXTRCT and an index deletion program DELETE. The Data
Extraction Program reads a TACTS/ACMI Mission Standard Data tape,
extracts relevant information and appends this information to

either a new or existing data base.

The TACTS/ACMI Mission Tapes contain data on up to 8
instrumented aircraft flying a mission on the range. Among the
data is real time information on aircraft position, velocity and
acceleration, updated at intervals of 100 to 200 milliseconds.
The proqgram extracts this data for the sonic boom analysis from
these tapes at approximately 1.5 second intervals in order to
minimize both the time taken to read the tapes and the quantity

of information to be stored.

The information is then appended to either a new or an
existing library file, which accumulates the information from all

the mission tapes analyzed. This library file is indexed, so
that a particular mission, aircraft type, etc., can be accessed

by the sonic boom analysis program.

Two index files are rormed, the first containing only the
mission names, dates and site location for all the tapes ana-
lyzed. 1In addition, the secoud index contains information on
every aircraft flying for every mission analyzed, such as air-
craft type, aircraft tail number, starting and ending time of the
mission. Each entry in this index file is associated with a time
series of data stored in the library file, and the appropriate
record numbers for the library file access are stored in the
index file. This index file is then used by the sonic boom

analysis program, both for selection of the flights to be
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analyzed and information on access to the time series data to

be read from the library file.

During a mission, it is possible that changes may occur in
the aircraft flying, or that erroneous data has been included in
the mission tape and later corrected. The program detects any
change in tha number of aircraft flying, aircraft type or
aircraft tail numbers and signifies the start of a new mission
segment when this occurs. The index file contains one entry for
each aircraft flying in each mission segment. 'The library file
nas an associated time series of data for each aircraft flying

each mission segment.
Two choices are avallable for the data extraction program.

1. Only supersonic data (M>U.99) may be stored in the library
file or all data (subsonic and supersonic) may be stored.
It 1¢ 1mportant to keep» the index and libra.y files for these
two caces distinctly separate, as the sonic boom analysis

pregram uses only the supersonic data.

2. The sonic boom analysis program only requires data at time
intervals of approximately 1.5 seconds for reasonable
accuracy. However, an option in the data extraction program
is available to read and store data in the library file at
100 or 200 millisecoi.d intervals. The intention is to make
1t possible to analyze a few flight tracks in great detail
if necessary. This option is not recommended for building a
data base of many missions as the quantity of data could
become prohibitively large and should not be used for the
BOOM~MAP data base.

In addition to the data extraction program, a program to
delete vntries from the index files has been written. The program

does not delete any information froin the library file, but deletes




the index entry and all references giving access to the library
information associated with the index entry. The index deletion
feature is necessary in case mission tapes have been analyzed

that should not form part of the permanent data base, or some

index entries show errors that occurred on the TACTS/ACMI tapes.

2.2 TACTS/ACMI Tape Format

%

;i? The tapes are written in a binary format on a 9-track tape
" at a density of 16Cu bytes per inch (IBi1 compatible). The tape

F records consist of 32 bit words, with varying numbers of words in
‘; each record. Since the tapes are being analyzed using CDC com-
K, puters, the data extraction program must tranrslate the 32 bit

?i binary format to standard CDC 6é0-bit alphanumeric data before any
%: data can be read.

o

'ﬁ_ Four types of records may appear on the tape.

AN 1. Tape Label (Header) Record, specifying mission name, date and
E% site, and tape reel number.

‘&

it 2. Static Data Record, giving details of the exercise being
(T{ flown. This includes the starting time of the mission

O segment and, for up to 8 high activity aircraf+ flying, each
3 aircraft type and aircraft tail number. The data appears in
W the Exercise Data Message Blocks 201, 202, or 203.

;? 3. Dynamic Data Record.

For every aircraft flying, the record contains information

.} at 100 or 200 millisecond intervals on the range positions of
\5 the aircraft, Mach number, velocities (for all 3 axes), and

v normal acceleration. The data appears in the Filter Output
ﬁ? Blocks 305.




The time interval at which the data is available depends on

the number of aircraft flying.

- 4 aircraft, 100 millisend intervals

- 8 airrcraft, 200 millisecond intervals

There is also an indicator (U-bit) which is associated with
probable errors in the data. when this indicates unreliable
information, the Block 305 being read is ignored by the data

extraction program.

Tne range positions of the aircraft have a default position
given by

i

~280,000 feet
+289,000 feet

When this occurs, the Block 305 being read is ignored by the
program, as no data are being transmitted. In addition, all
po-itions outside the area x = +200,000 ft, y = +200,000 ft
are ignored.

4. Watchdog Data Record
This is transmitted when any change of data in the Static
Data Record occurs or at the end of a mission tape. Only the

ending times of the mission segment is read from this record.

A detailed description of the record formats is given in

Appendix B which is taken from Ref [1].

2.3 TACTS/ACMI Tape Layout

The tapes begin with a tape label record followed by a static
data record and repeating dynamic data records which continue

until one of the following conditions cccur.

P-4 Pt Sy
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1. Watchdog Data Record
End of file mark.

This signifies an end of mission.

2. ‘Watchdog Data Record
New 3tatic Cata Record.
Repeating Dynamic Data Records.

This signifies a change in exercise data.

3. End of Tape Mark
This signifies the end of a reel, not the end of the
mission. A multiple reel request should appear in the

procram control statements.

The last record on the mission tape (or last reel of the

tapes) is a Watchdog Data Record.
Appendix B shos the layout of a Mission Standard Tape.

2.4 Program EXTRCT Description

The input data are read in, specifying the options for:

a. storing supersonic data or both supersonic and subsonic data,

b. creating a new database or appending the data to an existing
database,

C. printing the index only for the current mission tape being
analyzed or the whole index,

d. specifying 1f the first tape to be analyzed must be Reel No.
1l or not.

Files required for both permanent and temporary storage are

opened.

1. Mission Index File "MIWJDEX" - sequential.




2. Index File "INDEX" - direct access, record length 98.

3. Database File "LIBRY" - direct access, record length 70.
4. Eight temporary files, "TAPEll" through "TAPE18" =~ direct
access, record length 70. 1
It is suggested that the files "INDEX" and "LIBRY" should be
defined as Direct Access Files for permanent file storage since ;
they may eventually become large. The files are described in j
detail in Section 2.5.
The program then reads each record in turn from the mission :

tape and checks tne record type.

2.4.1 Tape Label (Header) Record

The mission name, date, site, and tape reel number are read é
from this record. Typically, there should only be one tape label
record on each tape reel, starting with Reel 1. 1In practice,
there may be more than one label record on a tape, and the tape
available for analysis may not necessarily be Reel 1. The program
checks that:

a. Reel 1 is read first, if specified by the input data. The
program will stop if other reel numbers are read first and
must be re-run either using the correct tape or modifying the

input data to permit other than Reel 1 to be used.

b. Any subsequent label records should either have the same reel
number or be incrementec by 1 for multiple reels. If not,
the program will stop anud must be re-run using the reels in

the correct sequence.

The mission name is modified by the program if necessary to
remove leading blanks and to replace embedded blanks with hyphens.

This is necessary for the selection process in the BOOM~-MAP portion

of the program.
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2.4.2 Static Data Record

The starting time of the mission segment, the number of
aircraft flying, aircraft types, and tail numbers are read from
this record for a maximum of eight aircraft. At the start of a
mission segment these data are written to eight temporary files
(one for each aircraft flying) together with the mission name,
data, and site. Again, the aircraft tail number may be modified
to remove leading blanks and replace embedded blanks with

hyphens.

A new static data record appears every time there is a
change in exercise data or a pod swap. The program compares the
new static data with the previous data, and if there is no change
or addition, continues to read the next record and accumulate

dynamnic data.

If there is a change in static data, the program ends the
previous mission segment and writes the final records for the
segment to the temporary files, giving the ending time and number
of dynamic data records stored for that segment. The new static
data are then written to the files for the start of the new

mission segment.

Occasionally, at the start of a mission, information, such
as aircraft type or tail number, may be omitted from the static
data record. A second static data record may then be transmitted
soon after correcting the error, and the program will treat this
as a new mission segment. Similarly, the program may identify
several mission segments when transmission is poor and records
repeated or the tape restarted. The files created for these
segments will probably contain little if any useful dynamic data
and may be delected from the index file at a later stage (using

the program DELETE).
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If no aircraft identification can be read from a static data
record, the mission segment is ignored and no dynamic data kept

until the next static record is read.
2.4.3 Dynamic Data Record

The dynamic data records are output at typically 0.8-second

intervals. The program checks the time at the start of a record

and ignores the record if the time interval since the last record
analyzed is less than 1 second. Thus, every second record is

analyzed at approximately l.5-second intervals.

The record contains information on every aircraft flying
(time, Mach number, position, velocity, and normal acceleration)
repeated in turn at 100- or 200-millisecond intervals. Only the
first block of information on eacn of the eight aircraft is read,

and if reliable, the data are written to the eight temporary

LN RNRS v+ P TP - Il

files. 1f only supersonic data are required for the database,
data are written to the files for M > 0.99 only. A count is
maintained of the total records analyzed and of the supersonic

records so that the percentage of time spent in supersonic flight

TIEE

can be calculated at the end of a mission segment for each

aircraft.

If there is a parity error in the record, the whole dynamic

‘—l;ﬂ

data record is ignored and the next record is read. If the first
block of data read for an aircraft is in the default position,
the program will search the record for data on that aircraft

until either reliable data are found or the end of the record is

reached.

If the input specifies that all dynamic data be read (at 100
or 200 millisecond intervals), every dynamic record is analyzed
and all valid blocks of information on the 8 aircraft are

stored.

-10-
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2.4.4 WVatchdog Record

A watchdog record should appear either before a new static
record or at the end of a mission tape, giving the ending time of
either the mission segment or the whole mission. On occasion,
the watchdog record does not appear and the ending time is taken
either from the last dynamic record read or from the next static
record. At the end of a mission gsegment the time, number of
entries, and number of supersonic records are added to the

temporary file for each aircraft.
2.4.5 End of File Mark

The end of the mission tape (or multiple reels) is indicated
by an End of File mark. If this is missing, the program
continues searching for the next record and will fail on reaching
the end of the tape. It is not possible to analyze a mission
tape that has been terminated incorrectly. Similarly, it is not
possible to analyze only the first tape of multiple reels, as the

hR?  ASSASAR] | e pIRPEE . AR IR R WY

final reel of the mission tape contains the End of File mark.

2.4.6 Updating of Library and Index Files

Only after a mission tape has been completely analyzed are
the permanent files MINDEX, INDEX, AND LIBRY updated by the
program. On completion of the job these files must be retained
in mass storage or stored on tape as designated in the job

control language.

The eight temporary files (containing the dynamic data)
are appended to the library file for each aircraft in turn, and
correcponding entries are added to both the index file and
mission index file, with the date and time of the update.
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2.5 Index and Library Files

Three permanent files are created and updated as each

mission tape is analyzed.

2.5.1 Mission Index File ‘MINDEX'

This is a formatted sequential file, containing mission

names, dates and site only.

First record: Format (I5, A3, AlO, AlQ)

15 NINDEX = Number of mission tapes analyzed

A3 'SUP' indicates supersonic database or 'ALL' indicates
(subsonic + supersonic) database

Al0 Date on which index was last modified

Al0 Time at which index was last modified

Second record onwards: Format (Alé, A8, Al0)
The file consists of (NINDEX) reccrds, (maximum 1000)
containing

AlG Mission name

AB vate of mission

Al0 Site location

The exercise dates are in the form - Month/Day/Year.

2.5,2 1Index File, 'INDEX'

This is a formatted, direct access file with record length =
98, containing information both on the aircraft flying and on
access to the corresponding database records in the library file.
There is one entry to the index file for each aircraft flying

each mission segment.
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First Record: Format (I6, A3, AlO, Al0Q)

I6 NINLX = Number of entries in INDEX file
A3 'SUP' or 'ALL' for supersonic or all database
Al0 Date on which the index was last modified

Al0 Time at which the index was last modified

Second Record conwards: Format (Al6, A8, 12, AlOQO, 18, 12, A6,
A8, I10, I10, I10)

The file consists of (NINDX) records, each containing:

Al6 Mission name

A8 Date of mission

12 Site number

AlO0 Site location

18 Starting time of mission segment
18 Ending time of mission segment
12 Aircraft type number

Al Aircraft type

A3 Aircraft tail number

I1¢ Starting record number »>f the corresponding database in
‘LIBRY' file

I10 Total number of records in the database 1. 'LIBRY' file
(including 1lst, 2nd, dynamic data and final _ecords)

I10 HNumber 0f supersonic dynamic records in the database in
'LIBRY' file

Q; The range times are in the form - Hour, Minute, Second, 1/100
h‘i

of. Second

m

2.5.3 Library File 'LIBRY'

This is a formatted, direct access file with record length =
70, containing the dynamic datapase for each aircraft flying each

mission segment.
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A3

Al0
Al0O
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12
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F6.3)

2X

I3
F6.3
3F8.0
F6.1

First Reccrd: Format (110, A3, Al0Q0, AlQ)

Total number of records in the file (including the first)
‘'SUP' or 'ALL' fo: supersonic or all database
Date on which the database was last modified

Time at which the database was last modified

For each aircraft, for each mission segment

Starting record: Format (Al6, A8, 18, A6, A8)

Mission name

Date of mission

Starting time of mission segment
Aircraft type

Aircraft tail number

Second record: Format (I2, AlQ, 12, 12, 12, 12, A3)

Site number

Site location

Aircraft type number

Mission segment number

Aircraft slot number

Number of aircraft flying in this mission segment

*SUP' or 'ALL' for supersonic or all database

Dynamic Data Records: Format {(2X, 18, F6.3, 3F8.C, F6.1, 3FG6.0,

Two blank characters

Range time

Mach number

Range coordinates (x, y and z) in feet

Dive/climb angle in degrees (climb + ve, Dive -ve)




3F6.0 Aircraft velocity (x, y and z) in feet/sec.
F6.3 Aircraft normal acceleration in g.

Final Record: Format (18, 18, 18)

18 Ending time of mission segment
8 Number of records stored for this aircraft and mission
(segment includes lst, 2nd and final records)

18 Number of supersonic records stored.
2.5.4 Permanent File Storage
The files 'LIBRY' and 'INDEX' may become large and it is

recommended that the files be DEFINED as Direct Access Files on the

mass storage system, and attached using

W, NA.
W, NA.

***i/M
****/M

ATTACH, INDEX
ATTACH, LIBRY

where **** are the users permanent file names. This prevents
possible errors if more than 1 tape is being analyzed simul-
taneously. Tne sequential file 'MINDEX' should be REPLACED at the
end of the tape analysis. It is suggested that, from time to time,
the 3 files 'LIBKRY', 'INDEX' and 'MINDEX' be copied to magnetic
tape for back-up.

2.6 Program EXTRCT Input Data

Only 5 lines are required for input, each in character form,

contained in apostrophes.
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(1) 'SUPERSONIC DATA ONLY' or 'ALL DATA SELECTED'. The first
option selects dynamic records for Mach numbers M»0.99. The

second option selects subsonic and supersonic data, with no

restriction on Mach number.
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(2) 'DATA AT >1 SECOND INTERVALS' or 'ALL DYNAMIC DATA'. The
first option reads dynamic data records at approximately 1.5
second intervals. The second option reads all the dynamic
data output at 100 or 200 millisecond intervals, but should
not be used in forming the supersonic database for BOOM-MAP.

(33 ‘NEW INDEX AND LIBRARY FILES TO BE CREATED' or 'OLD INDEX
AND LIBRARY FILES TO BE USED'. The first option is used
only for the first mission tape analyzed in starting the
library and index files. The second option is used for the

second mission tape analyzed and thereafter.

(4) ‘FULL INDEX PRINTED' or 'UPDATED INDEX ONLY'. As many tapes
are analyzed, the index file may get quite large. The
'"FULL' index prints the whole file, while 'UPDATED' prints

only the mission currently being analyzed.

(5) 'ONE = NUMBER OF FIRST TAPE REEL READ' or 'ANY = NUMBER OF
FIRST TAPE REEL READ'. 1If the option 'ONE' 1is used, the
program will stop unless tape reel number 1 is mounted. The
option 'ANY', permits any reel number to be the first tape
reel, but multiple tape reels must still follow in

sequence.

2.7 Program EXTRCT Output Data

Examples of the output from program EXTRCT are given in

Appendix C.

The first table contains information only on the mission
tape being analyzed and includes any warning messages that may
occur during the analysis. These include parity errors,
unidentified block types, etc., which may be useful to determine
if the data in a mission segment is suspect. This table shculd
be scrutinized to determine whether any mission segments should

pe deleted from the index at a later date. The possible reasons

-16-
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for deletions are:

a. Obvious errors in aircraft data, such as omission of A/C
type.
b. Many parity erroxs, indicating a poor gquality tape and

insufficient data.

c. Fal. start of a mission (due to data omission or poor tape)
giving a very short initial mission segment, which could be

ignored.

d. NO supersonic activity.

The second table is a direct echo of the information stored
on the liprary file and has been deliberately left in the same

format.

The third table is a listing of the index file, either the
FULL index or the UPDATED index only (the mission currently being
analyzed), as specified by the input.

The fourth table is a listing of the mission tapes analyzed

for the database.

REER.  ~AARSRAS. MO P, + @i TS e S pans e
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2.8 Program DELETE Description

& The program DELETE provides two modes of operation - the
ﬁ delete mode and the change mode. In the delete mode the program
3}4: is run as a batch job to delete data on a specific mission or
[ aircraft. The delete mode input data are described in Section
g? 2.9. In the change mode the program is used interactively to
éa change mission names in poth the 'INDEX' and 'LIBRY' files.
A,

In order to delete data on a specific mission or aircraft
;} from the database 'LIBRY', created using program EXTRCT, it is
i)

5.)!.1

-»
r -

-17-
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only necessary to delete all references to that specific data
from the index files 'INDEX' and 'MINDEX.' The program DELETE
{in the delete mode) reads the existing files 'INDEX' and
"MINDEX', modifies them as selected by the input the outputs new
files 'INDEXN' and 'MINDEXN' in the same format with the

appropriate index entries deleted.

The file 'INDEXN' should again be defined as a Direct Access
File for permanent storage if the file 'INDEX' was previously so
defined. The users permanent file names used for storing the
existing files 'INDEX' and 'MINDEX' and the new modified 'INDEXN'
and 'MINDEXN' files should differ. On completion of the program,
the output will list the index entries deleted and this output
should be checked before purging the 'INDEX' file and thus per-
manently preventing access to the deleted entries. Typically the
deletions will not be necessary until the database is to be
accessed by the BOOM-MAP program, and a copy of the full,
unmodified index should be kept on the back-up magnetic tape.

In the change mode, program DELETE copies the ‘MINDEX',
'INDEX', and 'LIBRY' files onto new files 'MINDEXN', 'INDEXN',
and 'LIBRYN'. The original files are closed and all changes are
made in the new files. 1In file 'MINDEXN', only the date and time
in the first record are changed. These new files should be
defined for peruanent storage in the same manner as the original

files, but with different user's permanent file names,

The program DELETE queries the operator for the 'INDEX' file
entry number of the mission name to be changed. The original and
the new mission names are printed for verification prior to the
new mission name being written to the ‘'INDEXN' and 'LIBRYN'
files. A log of the change model operations as well as a new
listing of the 'IUDEXN' file entries are written on file 'TAPEl'.
File 'TAPEl' should be reviewed before deleting the old files.
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2.9 Program DELETE Input Data

The data are input in character strings or integers, one

entry per line. These data are used only in the delete mode.

‘MISSION NAMES TO BE DELETED' (Max No. 25)

'5203-15" An example of a mission name.

. This must match exactly the entries in

. the mission index and library index

. files.

'ENTRY NUMBERS TO BE DELETED' {Max No. 50)

1 Examples of entries to be deleted, one

. number per line.

45 These refer to the INDEX file line

. numbers.

39

/ EOF End of file mark, signified end of
entries.

2.10 Program DELETE Cutput Data

Examples of the output from the delete mode of Program
DELETE are given in Appendix C. The original index file is
printed, the deleted entries are listed and the new index file
'INDEXN' and mission index file 'MINDEXN' are printed, with the
data and time of the deletions.
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3.0 BOOM-MAP, SUPERSONIC AIRCRAFT ACTIVITY SUMMARY
AND BOOM STRENGTH PREDICTION PROGRAM

Overall Description

(] e
‘l I 'I‘xl‘
w
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The BOOM-MAP data analysis computer program accesses the
TACTS/ACMI database generated by the MOAOPS computer program

discussed in Section 2.0. The data analysis program produces

statistical and graphic output describing aircraft position
parameters as well as various measures of predicted boom
strength. This program utilizes the data available in the
TACTS/ACMI flight data library to produce graphic and tabular
descriptions of MOA range activity.

¥ e

e 8
A
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Tabular output are produced by the BOOM-MAP and are output

Fa

f} directly to the line printer. To produce graphic output, BOOM-
‘Y

fj MAP creates a file compatible with California Computer Products'
~ (CALCOMP) General Purpose Contouring Program (GPCP II). GPCP II*

reads this file and generates the necessary plotter directives to

produce hard copy gJgraphic output.

Users control the database subset to be extracted from the

library run through the use of an input data file. Through this

fil2 the user specifies:

L
.
M n_"l...

»
.

'y
aF b N

Ay
2 w7

1) the name(s) of the MOA ranges to be considered

2) mission names or dates

ﬁﬁ 3) bounding times of day
E& 4) aircraft types (specific tail numbers optional).
A

Users also specify desired output products. These include:

*A description of GPCP II is beyond the scope of this repcrt.
Interested readers are directed to Reference 2 for further

information on the operation of this program.
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1)

2)

3)

4)

5)

6)

A statistical summary of position, speed, and boom
strength variables. This summary includes distribution

functions of range x-coordinates and y=-coordinates, and

the aircraft z-coordinate (height above the range), all

in feet. It also includes a distribution function of
effective height (hg). Distribution functions of Mach
number, cutoff Mach number and effective Mach number are
also presented. Estimated boom strength distribution
functions include peak overpressure (in pounds per
square foot), the peak overpressure (in 4B, re: 20
microPascals), the C-weighted sound exposure level (in
dB), and the A-weighted sound exposure level (in dB).
The estimated boom strength are those calculated
directly below the extended aircraft flight trajectory.
Also included root mean sguare values for effective
height, Mach number, effective Mach number, and cutoff

Mach number.

A flight track map depicting ground projections of

flight paths during supersonic activity.

A flight track map depicting ground projections of

flight patnhs during sonic boom producing activity

A noise contour map of average C-weighted sound exposure
levels (CSEL)

A noise contour map of C-weighted day/night average
levels (CLDN), requiring input of the reference number

of daytime operations which will be used to convert
CSEL to CLDN.

A noise contour map of flight averaged peak over-

pressures (in pounds per square foot).




Figure 1 presents a fuactional block diagram of the BOOM-MAP
software package. The user supplied directives (described in
detail in this section) are read first and stored in memory.
Information on the library entries are then read one at a time
from the library index file and the sortie parameters compared
with the qualifiers provided by the user in the input directives.
When a library sortie meets the screening criteria, its time
history file is read from the library and the flight is processed
by the BOOM-MAP program. A journal is concurrently output to the
line printer (one line per sortie) which identifies the mission
name, the date, the site location, the sortie starting and ending
times, the aircraft type and tail number, the amount of super-
sonic time and the amount of boom producing time. This jouraal
presents users with a complete listing of all gqualifying

sorties.

Processing of library data stops when all entries in the

index file have been searched.

When the library index has been exhausted, the program
prints the statistical summary tables (if requested) and then
prepares an output file to the contouring and plotting program,
GPCP 1i1. The BOOM~MAP program then terminates. When GPCP Il is
called, the file prepared by BOOM-MAP provides a complete input
directive list to GPCP. GPCP then produces flight track and

contour maps as reguested by the user.

The files required for input or output by the BOOM-MAP

prograin are:

1) 1Index file "INDEX" - direct access, record length 98
2) Database file "LIBRY" - direct access, record length 70
3) Two temporary files TAPE3 and TAPE4 - segquential

4) Output file for input to GPCP 11 program, TAPEll -~

sequential
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3.2 User's Guide

This section presents a user's guide for operating the
BOOM-MAP program. The guide describes the file of input cards
necessary to control a BOOM-MAP run.

The complete run specification consists of three groups of

information. These groups are:

1) a title card which is printed on all output products

2) qualifiers used to control the particular flignhts

extracted from the library.

3) specifiers used to control the particular output

products required by the user.

All input file data cards are free format; tnat is, data is
not restricted to particular card c¢columns. Instead, a key word
at the peginning of the card specifies the type of data to
follow, and parameter values are simply separated by commas in
most cases. Spaces between parameters are ignored and if the
parameter list exceeds the 80 column allowable card width, the
user may continue on the next card withcut the need for any

special continuation characters.
3.2.1 TITLE Card

This card must be the first card in the inpuc file. The key
word "TITLE" followed by a space tells the program tc accept up
to 70 characters for a title. This title will be printed on all

output products. The format is

TITLE title of run




3.2.2 Library data qualifier cards

Access to the information stored in the database library 1is
through the use of qualifier cards. These qualifier cards allow
the user to specify criteria for records that are to be included
for analysis. The input file may contain from one to five
"packets” of qualifiers, where a packet consists of four of the
six available gualifier input cards. The input cards are "SITE"
"MISSION', "DATE', "TIME', "AIRCRAFT" and "ACWTN'. "ACWTN" is
the qualifier to call for aircraft with tail numbers. The input

cards must correspcnd with the following sequence:

"SITE"

"MISSION" or "DATE"
"TIME"

"AIRCRAFT" or "ACWTN"

Each input card is followed by one or more parameters
separated by a comma or by the word "ALL." The maximum umber
of parameters allowed is based on the input card. Note that when
specific parameters (eg. missions, aircraft, etc.) are specified
they must match exactly the way they are stored in the library
index, character for character. In addition, if a sortie quali-
fies in movre than one way with the user input directives, it will

still be included only once in the analysis.
CARD I: (SITE)

The SITE card allows the specification of 1 or more MOA site
location names in the input file. The user is allowed a maximum
of 20 site location names separated by commas. Site names can

occur on more than one line if necessary.

Example: SITE Loc 1, Loc 2, Loc 3,...Loc 20
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SITE Loc 1, Loc 2,
loc 3,...Loc 20

The parameter "ALL" is used when all site locations are to

be included.
Example: SITE ALL
CARD 1I1: (MISSION or DATE)

The input card "MISSION" allows the specification of one to
ten mission names separated by commas. Mission names may occur

on more than one line if necessary.

Example: MISSICH Name 1, Name 2,...Name 10
MISSIOW Name 1,

Name 2, ...Hame 10

The parameter "ALL" is used when all Missions are to be
included. Wwhen the user specifies the "MISSION" card instead of
the "DATE" card for input Card II, all dates are considered
legal. Once "MISSION" is specified in a packet "DATE" is no
longer legal.

The input card "DATE" allows for the specification of one to
ten date intervals separated by a comma. Date intervals may

703 B T BRI P Sy P S U . e 8. S s S w w ® m -
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occur on more than one line. A date interval consists of a start
date followed by a hyphen fullowed by an end date or simply a
start date. All dates must appear as MM/DD/YY format. If only a
start date is given, then the end date will be considered

-

identical to the start date.

Example: DATE 01/21/85-02/1/85, 4/8/85,
7/18/86-7/19/86

-26-
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The parameter "ALL" may be used when all dates are to be
included. When the user specifies the "DATE" card instead of the
"MISSION" card as input card II, "MISSION" is no longer legal
within that packet.

CARD III (TIME)

The input card "TIME" allows for the specification of one to
ten time intervals separated by commas. Time intervals may occur
on more than one line. A time interval consists of a start time
followed by a hyphen followed by an end time or simply a start
time. All times must appear as HHMM format. If only a start
time is given, then the end time will default to 2359.

Example TIME: 1100-1200, 1300-1330
1400-1500, 1700

The parameter "ALL" is used when all time intervals are to

be included.
CARD 1IV: AIRCRAFT OR ACWTN

Aircraft may be specified in two ways: either by aircraft

type alone, or by a specific aircraft type and tail number.

The input card "AIRCRAFT" allows the specification of one or
more aircraft types in the input file. The user is allowed a
maximum of ten aircraft types separated by commas. Aircraft
types may occur on more than one line. Once "AIRCRAFT" has been
specified, "ACWTN" is no longer legal within that packet. The
parameter "ALL" may be used when all aircraft types are to be

included.

Example AIRCRAFT Type 1, Type 2, Type 3,
Type 4...




Example AIRCRAFT ALL

The input card "ACWTN" allows the specification of one or
more aircraft types followed by their corresponding tail numbers.
The user is allowed a maximum of ten aircraft/tail number pairs
separated by commas. Aircraft/tail number pairs may continue on
more than one line.

Example: ACWTN ACl TN1l, AC2 TNn2,
AC3 TN3

The parameter "ALL"™ may be used when all aircraft types
and tail numbers are considered legal. Once "ACWTN" has been
used, "AIRCRAFT" is no longer considered legal. If the user
specified "AIRCRAFT" as input card IV, then all tail numbers are

considered to be legal.

3.2.3 Output Product Specification Cards

The type of output data desired by the user is specified by
one or more output specification cards. These cards may be

entered in any order.

"STAT" Card

This card tells the program to print a full statistics
summary. An example of this summary is shown in Figure 2 and
includes distribution functions of x, y, and z position vari-
ables, effective height, Mach number, and estimated boom strength
(directly below the aircraft). Also included are RMS values of
effective height, Mach number, cutoff Mach number, and effective

Mach number.

"MACHTRK" Card
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This card directs the program to generate a flight track map
showing those portions of sortie flight tracks where the aircraft
Mach number exceeded 1.0. This card contains one numeric para-
meter whicn specifies the map scale ratio. For example, to
produce a map of one inch equals 10,000 feet the scale ratio is
120,000.

The smallest scale factor possible is 1:2600 feet dictated
by the numerical input limitations to GPCP. The largest realis-
tic scale factor is 1:45,000 feet, giving a plot approximately

5"x5" in size.

Example: MACHTRK 120000

"BOOMTRK" Card

This card directs the program to generate a flight track map
showing those portions of sortie flight tracks where sonic booms
were generated which propagated to the ground. This card
contains a numeric parameter specifying the map scale ratio. For
example, a map of one inch eguals 10,000 feet is specified by a
scale ratio of 120,000.

Example: BOOMTRK 120000

"CONTOUR" Cards

Contour cards are used to direct the program to produce maps
depicting contours of equal boom strength. Three different types
of contour maps may be specified: (1) CSEL, (2) CLDN, and (3)
peak overpressure, in psf. The CONTOUR cards contain a number of

parameters which must be entered in a specific order.

CSEL contour maps are specified using the keyword CONTOUR
followed by CSEL. Additional parameters must be separated by

-30-
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commas, and must be input in the following order. The first is
the gscale ratio of the contour map (see MACATRK or BOOMTRK cards
for a description ©of the scale ratio). Following the scale ratio
at least one (up to a maximum of 20) CSEL contour values must be

specified.
Example: CONTQUR CSEL, 120000, 95, 100, 105

Peak overpressure contour maps are specified using the
keyword CONTOUR followed by PKOP. Additional parameters must be
separated by commas, and are input in the same order as with CSEL
contours. The first parameter is the scale ratio of the contour
map. Follewing this parameter must De at least one (up to a
maximam of 20) peak overpressure contour values in pounds per
square foot. Fractional values are acceptable but the program
rounds the user specified values to the nearest tenth of a psf

for plotting purposes.
Example: CONTOUR pKOP, 120000, 0.5, 0.8, 1.0, 2.0

CLDH contour maps are specified using the keyword CONTOUR
followed by CLDN. Additional parameters must be separated by
commas and must be input in the following order. The first
parameter is the map scale ratio. The second parameter is the
reference number of daytime operations which will be used on a 10
log(N) basis to convert CSEL values to CLDN. Following these two

parameters must be at least one (up to a maximum of 19) CLDHN

contour values to be plotted.
Example: CONTOQUR CLDN, 120000, 44.5, 55, 60, 65, 70, 75
"WIDTH" cCard
The WIDTH card contains a single parameter which tells the

plotting software the paper width (in inches) of the plotting

device used for the map output products. If the paper width is




too narrow to accommodate the entire map, the plot software will
automatically split the map into several panels which can then be
assembled to form the full size map. This card may appear any-
where amongst the output product specification cards or imme-

diately preceding them. The default width if this card is

omitte” i~ 36 inches.

Example: WIDTH 48
3.2.4 Input Example

The following are examples of input data. The first example
is a simple case. The second example shows effective use of the

data qualifier cards.

Example l: Shown below is the input data deck for a rela-

tively simple case:

TITLE NELLIS MOA -- ALL ACTIVITY
SITE NELLIS

MISSION ALL

TIME ALL

AIRCRAFT ALL

STAT
MACHTRK 96000

In this example the title printed on all output is "NELLIS
MOA -- ALL ACTIVITY".

The processing software will utilize data only from the
NELLIS MOA site. It will, however, select all missions, times of
day, and aircraft types. For output products the statistics

package will be printed and a map showing flignt tracks where
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aircraft exceeded Mach 1.0 will be plotted to a scale of 1 inch

equals 8000 feet.

Example 2: In this example more explicit input gualifiers E
have been specified.

TITLE HOLLOMAN MOA .

SITE HOLLOMAN

MISSION 5284711-14DA, 5282717-20GI

TIME 0700-2159

AIRCRAFT F-15, F-4

SITE HOLLOMAN

MISSION 5282723-26R0

TIME 0700-2159

AIRCRAFT ALL ‘

BOOMTRK ~ 96000 3

CONTOUR  CSEL 96000, 95, 100, 105

CONTOUR CLDN 96000, 25.2, 65, 70, 75

In this example the title "HOLLOMAN MOA" will be printed on
all output products. In contrast to the first example the pro-
gram will be fairly selective about the data it extracts from the
Thus the

program will select data from the library when either of the two

library. Two packets of data gualifiers are included.

packet conditions are met. It will select data when:

a) the site name is HOLLOMAN, and the mission numbers
are 5284711-14DA or 5282717-20G1, and the mission
starting time is between 0700 and 2159, and the
aircraft type is an F-15 or F-4.

or when
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i3 1 _.te name is HOLLOMAN, and the mission name is
2 723-26RO, and the mission starting time is between

07.J and 2159 for any aircraft sortie meeting these

conditions.

The output products will include a flight track map of boom
producing track segments to a scale of 1 inch equals 8000 feet.
Two contour maps will be plotted. The first will be a CSEL
contour map to a scale of 1 inch equals 8000 feet, containing the
65, 70, and 75 dB contours. The second will be a CLLN contour
map also plotted to a scale of 1 inch equals 8000 feet. The
reference number of daily operations is 25.2 sorties and the
desired contours are 65, 70 and 75 dB.

3.3 BOOM-MAP Qutput

An example of BOOM-MAP output is shown in Appendix C. The
first output page echoes -he input specification cards provided
by the user. It also summarizes in table form the library
gualifier information which will be used to select specific
flight data from the library for processing. The second page
echoes the specific flights selected from the data base which
gualify for processing based on the user supplied input

specifications.

The third page contains distribution functions of distance,
speed, and overpressure variables for times during which the
aircraft Mach number is greater than cutoff. Each distribution
function contains a number of histogram cells of gpecified cell
size. The first and last cells are underrange and overrange
cells used to collect the tails of the distribution which lie
outside the expected range of the particular parameter. The
remaining cells are of specific parameter range {(identified as

cell size in the printout).



For example, cell number N extends from:

[lower hand cell 2] + (N-2) [cell size]
[lower band cell 2] + (N-1) [cell size]

Lower bound

to Upper bound

Each cell contains the number of occurrences of the para-
meter in the cell range at one second intervals. That is, the
number contained in cell N is the number of seconds the parameter

was observed in the cell parameter range.

The eleven parameters, defined in Appendix A, are:

1) range x-coordinate in feet (range: -132,000 to + 132,000
feet)

éi 2) range y-coordinate in feet {(range: =132,000 to
N +132,000 feet)
29
3) aircraft height above range center altitude in feet
o (range: 750 to 50750 feet)
5 4) aircraft effective height, h,, above range center
altitude in feet (range: O to 50000 feet)
& .
;ﬂ 5) aircraft Mach number (range: 1.00 to 2.14)
y)“

aircraft cutoff tuch number (range: 1.00 to 2.14)

M
\J

%
2N
f: 7) aircraft effective Mach number (range: 1.00 to 2.14)
-
]
8) boom strengtn overpressure under the projected flight
o path in pounds per square foot (range: 0.00 to 14.25
N psf)
)
\
e 9) Dboom strength overpressure under the projected flight
v d
[ .—\:
"X
‘U
R !

Nl 12
1
w
w
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path in dB re: 20 microPascals (range: 115.0 to 153.5
dp)

10) C-weighted sound exposure level under the projected
flight path in 4B (range: 90.0 to 128.5 dB)

11) A-weighted sound exposure level under the projected
flight path in dB (range: 80.0 to 118.5 dB)

The fourth and fifth pages are a combined two-dimensional
distritution function of the x/y range coordinates, parameters 1)
and 2) on the previous page. This distribution function shows
the spatial distribution of aircraft position during boom pro-
ducing activity. Cells 1 and 52 in both dimensions are the
underrange and overrange tails of the distribution. In the
x-direction cells 1 through 30 are shown in the first half of the
table:; cells 31 through 52 in the second half.

Examples ¢of the flight track and contour maps output by GPCP
I1 are also shown. Map annotation in the title block indicates
the type of map plctted. Range coordinates are plotted on the
left and top of the map, and a cross is plotted at the range
center (coordinates x = 0, y = 0). The y-axis points true north,
and the latitude and longitude of the range center are given in

the title block.
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4.0 SOFTWARE MAINTENANCE

The TACTS/ACMI Mission Standard Tap:s may eventually be available
for 10 site locations. The programs contain site-specific
information such as range center altitude, latitude, longitude
and aircraft types which are not at present available for all the
sites and may need to be added or modified at a later date. At
present data has been included for the locations Nellis, Yuma,
Oceana, Tyndall, Holloman and Luke. In addition, as new aircraft

types are added, boom overpressure factors will be required.

The program calculates boom strengths at a fixed grid point
spacing of 2500 feet, in the range + 126,250 feet. Changing this
calculation range is not a user's option, but it may occasionally
be desirable to do so.

This section identifies the subroutines in the programs that

would be affected by these modifications.

4.1 Maintenance of MOAOPS Program EXTRCT

The subroutines BLOCK DATA and SETUP form a data table, ACTYP,
giving the aircraft types keyed to a site dependent number from 1
to 64 (see Appendix B). If any changes or additions of aircraft
types are required, tne table ACTYP must be modified.

4.2 Maintenance of BOOM-MAP Program

Any changes in the range center altitude, latitude and longitude
will require modification of the subroutines RNGALT and RNGALL.
Additions of new aircraft types and boom overpressure factors

will require modification of the subroutine OPFIND.

Changes in the calculation range will affect the subroutine BLOCK
DATA DICK. The number of grid points (102) should not be changed




but the size may be changed by inserting new values for:
minimum range value, grid spacing, maximum range value

where maximum value = minimum value + 101 x grid spacing. The
grid spacing in the x and y directions should be identical. The
calculation range defines the maximum GPCP range that can be

plotted and hence the smallest and largest scale factors possible
for plotting will be altered.
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APPENDIX A
CALCULATION OF SONIC BOOM OVERPRESSURES AND SOUND EXPOSURE LEVELS
1.0 BACKGROUND

This appendix describes the basic analytic expressions
utilized in BOOM=-MAP for calculation of sonic boom overpressure
and the C-weighted sound exposure. The appendix also describes
the computational algorithms used to implement the basic analytic

expressions.

The BOOM-MAP program predicts sonic boom overpressures
and/or the C-weighted sound exposure level on the ground based on
a procedure developed by Carlson [Al] for predicting peak over-
pressures and durations of sonic booms produced by aircraft in
steady-state flight. 1Intensive studies of sonic boom phenomena
during the 1960's and 70's produced very accurate procedures for
predicting the characteristics of sonic booms (A2, A3).
Implementation of these prediction processes is performed with
sophisticated computer programs that depend upon detailed
knowledge of aircraft configurations and aerodynamic properties
as well as the wave propagation characteristics of real and ideal

atmospheres. Utilizing these models is a complex, lengthy, and

2 S IO Ry O O OO i A

expensive process. Carlson has been able to simplify the

& prediction process for peak overpressure and durations of sonic
7 booms produced by aircraft in steady-state flight into an
b accurate procedure that does not require detailed aerodynamic and

'
e e ]

configuration information for individual aircraft. The procedure

is generally quite applicable to any arbitrarily shaped flight

vehicle with any reasonable flight trajectory.

In Reference A3, the Carlson procedure is provided as a

series of eguations involving a substantial number of coeffi-

cients that are obtained from graphical representations in his




report. Limiting the use of the procedure to fighter airplanes,
with Mach number and altitude ranges of interest for air combat
maneuvering, allows the many graphical representions of
parameters necessary for the computation to be expressed in
analytical form. In Reference A4, Galloway developed analytic

expressions from least-squares curve fits to Carlson's graphical
data.

Carlson's equations plus the analytic expressions developed by 1
Galloway form the basis for the prediction model employed in

BOOM-MAP. Some additional assumptions, extensions and simplifi-

cations were required for modeling; these are also described in
this appendix.




2.0 BASIC COMPUTATIONAL PROCEDURE

Before introducing the computational procedure, it is
helpful to consider the geometrical relationships and terminology
involved. Figure A-1 depicts schematically the parameters used
in computations for sonic booms produced along the flight track
directly beneath the airplane. The airplane is assumed to be in
steady flight at altitude h; above mean sea level (MSL), flight
Mach number M, along a flight path with angle Yy relative to a
horizontal plane. Ground level 1is at height hg above MSL, and

thus the airplane is height h above ground, where h = hy - hg.

The effect of flight path angle Y is to introduce a

parameter called effective height, hg, which is used to

;& compute peak overpressure on the ground. For airplanes in level

ai flight he is equal to h. In a climb Y is positive, with hg

3: greater than h, and boom strength is less than that for level
f.ight at the same Mach number. 1In a dive y is negative, hg is

Eﬁ less than h, and boom strength is greater than that for level

flight at the same Mach number.

TR

or

Sonic boom wave fronts emitted when the airplane is at each
point along its flight will propagate along a series of curved
ray paths. Curvature is caused by the change in the speed of
sound that results from the decrease in atmospheric temperature
with increasing altitude (up to about 35,000 feet above MSL).
Booms which propagate to the ground will strike the earth at a
distance dy along the flight path, measured from a point
directly bhelow the airplane.

Under certain combinations of Mach number and altitude,
refraction in the atmosphere will cause the curvature of the ray
path to tilt the sonic boom wave front sufficiently to become

perpendicular to the ground, or even to turn the wave front
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before it reaches the ground. The Mach number for the condition
where the ray path is tangent to the ground is called cutoff Mach
number, M.. At flight conditions below Mg, no boom reaches

the ground.

The lateral extent of a sonic boom is limited by a similar
refraction process, even for booms that reach the ground directly
beneath the flight path, when M is greater than M. The
distance to the side where the wavefront is perpendicular to the
ground is called lateral cutoff distance, dy,c' as shown in
Figure A-2. Experimental data [AS5] show that, in practice, sonic
boom signatures tend to distoit dramatically at distances of

approximately J.8 times dy,c ard to essentially disappear at

y.c’

With these points in mind, sonic boom parameters are

predicted from the following equations:

2.1 Sonic Boom Overpressure and Duration

1. Effective Mach number, Mg:

(=)

v = (1)

sin (y + cot™! Viz_q)

-

2. Cutoff Mach number, Mq:

L.033x1C~%n

3 a ~ o~
K, = e 0 <h, < 35,30C ft (2)
EC = 1.163 35,303 < ha < £5,£00 fc

3. Horizontal propagation distance, dx, in feet:
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Note l: At points lateral to the side of the flight path,
distance dy, such that dy < 0.8 dy,c+ the
effective slant distance to the flignht path, sg,
should be used in equation (9) instead of hg. The
effective slant distance is approximately:

- 2 4 p 2)/? 2)
Se (dy e (1

Note 2: Equation (9) applies to F-14 and F~15 airplanes. To
obtain Lp for other airplanes, or At from eguation

(13), apply the following multipliers:

F - 4 0.93
F -5 0.76
F - 1o 0.80
F - 18 0.91

7. Sonic boom duration, £4t, in seconds:
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2.2 Sound Levels

Historically, the magnitudes of sonic booms have been
expressed largely in terms of peak overpressures, 4p, or in terms
of the time integral of overpressure during the positive phase
of the boom, called the positive impulse, I,. These quantities

are generally used in assessing the effect of a boom on building

structures.
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One of the BOOM-MAP output options presents contours of
constant overpressure in pounds per sguare foot (psf) in

accordance with equation (9).

For assessing the effects of sonic booms on people, various
sound levels in decibels are more useful [A6]. Of the three such
measures that have been used*, BOOM-MAP calculates contours in
terms of the C-weighted sound-exposure level. The C-weighted sound
exposure level, abbreviated as CSEL, symbolized as Logs is
recommended in Reference A6 and used by various Department of
Defense agencies for describing the effect of individual sonic
booms on human response. C-weighted sound exposure level is the
time integral over the duration of the boom of C-weighted, squared
sound pressure, expressed in decibels. C-weighting is a
standarized fregquency weighting specified for sound level meters
{A7].

The CSEL is calculated as:

L.

cp = 10 logyg (2p)2 + 101.6 (14)

The above expression is based upon experimental findings
that for sonic booms from fighter aircraft operating in the Mach
number and alc.itude ranges of interest for air combat
maneuveriag, the C-weighted sound exposure level is approximately

26 dB lov.: than the peak flat sound pressure level, ka

(n8). Thus:

Lep = Lpg - 26 (15)
*Tne three measures are: peak flat sound pressure, C-weighted
sound exposure level, and A-weighted sound exposure level.




2,3 Sound Levels at Lateral Cutoff

At or near the nominal lateral cutoff distance, experimental
measurements indicate rather sharp decreases in sonic¢ boom over-
pressure with the sonic boom disintegrating into a ragged sine
wave shape. To depict the variation in CSEL as a function of
distance in the vicinity of the cutoff point, a general curve was
assumed which is illustrated in Figure A-3. Fcr distances egual
to or less than 0.8 d., the CSEL values are assumed to decrease
at a rate of 15 dB per decade increase in distance. From 0.8 to
1.0 d¢, a sharper decrease in levels is assumed which results
in an approximate 10 dB decrease in CSEL at the cutoff distance.
For larger distances, the levels are assumed to fall off at a
rate of 25 dB per decade decrease. This procedure allows rapid

truncation of the sonic boom levels in the vicinity of the cutoff

level but avoids major discontinuities in the noise level versus
distance curves [A9].
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3.0 GEOMETRICAL AND COMPUTATIONAL ALGORITHMS

The equations given above predict boom exposure at a
specific instant in time given a number of flight parameters.
BOOM-MAP operates on a dynamic basis--using a series of snapshots
of aircraft parameters at closely spaced (approximately 1.5
seconds) intervals in time. This section describes the methods
for evaluating boom strengths at these instantaneous points in
time and for interpolating between them to predict ground

exposure at specific grid points.
3.1 The Grid

BOOM-MAP projects flight tracks and estimated boom strengths
onto a flat ground plane. The altitude of this ground plane
above mean sea level is MOA range elevation at its center (x = O,
y = 0 range coordinates). To generate noise contours the program
evaluates boom strengths at specific X, y ground locations and
uses the GPCP 11 contouring program to contour the boom strength
"Terrain" based on a rectangular grid of grcund locations. The
program uses 102 equally spaced points in the x and y directions,
with 2500 foot spacing between them. The range (in feet) covered

by this grid is -126250 to +126250, or plus or minus 23.9 statute
miles.

3.2 Library Data Interpolation

The time sequence of flight data is stored in the TACTS/ACMI
library at approximate 1.5 second intervals. The exact interval
is variable due to a number of conditions discussed in Section 2.
In order to progress computationally through the library data in
an orderly fashion flight parameters are interpolated from the

library data at 1.0 second intervals. Land areas on the ground

where propagating booms are received are evaluated by using pairs
of data points at these one second intervals.
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3.3 Boom Exposure Area Geometry

Figure A-4 shows a plan view of the ground plane area
affected during a one second elapsed time interval. The boom
wavefront propagates forward from the aircraft. BOOM-MAP com-
putes the affected area by calculating the forward propagation
distance (dy) and the lateral cutoff distance, dy o+ At the two
instants in time. Two four-sided polygons are then constructed
based on the forward and lateral projections (lateral calcula-
tions are carried out to 2d c to ensure a smooth roll-off of
boom strength down to values lower than anticipated contour
values). Grid points lying within the polygons are then
evaluated for estimated boom strength.

3.4 Grid Point Boom Exposure Evaluation

Grid point boom exposure at a grid point contained by the
the polygon is performed by lateral and longitudinal interpola-~
tion. Figure A-5 illustrates the procedure. First, a line is
drawn through the grid point which connects points (A and B) on
the two laterals of equal fractional cutoff distance. The boom
overpressure is computed at these two points based on the two
flight parameter snapshots one second apart. The boom strength
at the grid point is obtained by a simple distance interpolation
along the connecting line between A and B.

3.5 Special Considerations

Under some circumstances the turn radius of the aircraft is
less than twice the lateral cutoff distance. When this occurs the
geometry of Figure A-2 changes, as illustrated in Figure A-6.

The crossover of lateral propagation lines creates no computa-
tional problems geometrically. It does, however, create a
condition under which a single grid point on the inside of the
turn may be visited on several consecutive occasiocons, as the

aircraft position is evaluated at one second intervals.




TN

.
g

-

- "
T m
- "

A o g

i

FIGURE A-4,

AFFECTED BOOM AREA FROM FLIGHT TRACK SECMENT

T S N e L€ BN B ) 3 Ly T A \ e R
A A Q g ; P Yoty UL G WL N ’) WGt LTSS T p?, AN -\‘ 7‘\" AP ' 5- ()
h A A A A wl il S My VR . L TELIYL R AL AL L A0, S8 Ll




prO\/ecL - B S
ack w0 -?
eught = A

P ro'\e; — - /

Grid Point
d d
AR ,2
o = 4 ) Y
2dy,c.1 2dy,C.2

FICURE A-5. INTERPOLATION PROCEDURE TO ESTABLISH
GRID POINT EXPOSURE

Lo ASLALCEL [ paor ey wrMib




o e AL

T I Y 5
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DISTANCE GREATER THAN AIRCRAFT TURN RADIUS




Three options for handling this situation present
themselves: (1) use the exposure computed on the first visit and
ignore all subsequent visits, (2) energy sum the exposure from

all visits, or (3) retain only the maximum value from all

visits. The first option is risky in that the smoothness of the
overpressure terrain may be dependent on the order in which
adjacent grid points are visited as the aircraft progresses
through the turn. The second option is equally risky in that
multiple visits to a few adjacent points could create a locally
high exposure area. Since the mathematical model does not
provide for focussing effects, there is no reason to believe that
this energy summation would realistically estimate the exposure

in a potential focus area.

The third option, the max-picker, is probably the most
viable, with some qualifications. The qualifications are
designed to correctly account for two separate and distinct

passbys by a single aircraft sortie. The implementation of the

FPRREEPE  agrees® L. PO e

max-picker works as follows. Each time a grid point is visited,
the time-of-day associated with the visit is updated in an array
parallel to the flight grid array. If the elapsed time from the
last vigit is less than or equal to five seconds, the flight
exposure grid point is updated with the maximum of the existing
value and the new value. If the elapsed time is greater than
five seconds, the existing grid exposure is energy summed into
the master accumulation grid, the new exposure is replaced in the
flight grid and the time-~of-day is replaced in the time grid.
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MISSION STANDARD CCS RECORDING TAPE

A. TAPE LAYOUT

The recording contains all fundamental measurement qualities
for the mission and is done on a 9 track tape at a density of
1600 bytes per inch (IBM compatible). It begins with a tape
label record which is followed by a static data record and
repeating dynamic data records which continue until one of
the following conditions occur:

1. A Watchdog Data Record is reached followed by an
End of File mark. This signifies an end of mission.

2. A watchdog Data Record is reached followed by a new
Static Data Record and repeating Dynamic Data
Records. This signifies a pod swap or a change in
exercisae data.

3. The Znd of Tape Mark is reached signifying the en:
of a reel but not the end of a mission.

The last record on a mission recordinz tape is a Watchdog
Data Record. The following illustraticns show the layout of
a Mission Stanmdard CCS recording tape.
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SINGLE REEL

v TAPE LABEL '
i RECORD '

STATIC DATA |
RECORD i

DYNAMIC DATA |
RECCRD |

. WATCHDOG DATA
; RECCRD l
v STATIC DATA :
i RECCRD 1
¢« DYNAMIC DATA |
: RECCRD l

i DYNAMIC DATA
i RECORD i

i WATCHDOG DATA |
l RECORD ,

T TR TS T W W W W W WIW MW Y W v W A W N w e =

MULTIPLE REEL
! TAPE LAREL | | TAPE LABEL |
'\ RECORD } |  RECORD |
\  STATIC DATA | | STATIC DATA !
‘  RECORD ! !  RECORD |
| DYNAMIC DATA | | DYNAMIC DATA |
' RECORD ! !  RECORD |
H DYNAMIC DATA | ' DYNAMIC DATA |
\  RECORD ! !  RECORD |
P
] [] [) {
' WATCHDOG DATA | | WATCHDOG DATA |
\ " RECORD ' ' RECORD :
' STATIC DATA | ! STATIC DATh |
' RECORD ' ! RECORD :
\ DYNAMIC DATA | | DYNAMIC DATA |
| RECORD ' ' RECCRD :

i DYNAMIC DATA |

| RECORD :
: | | WATCHDOG DATA !
: ' . RECORD !
! b EOF :
: £0T Coo EOF :

Note: Single reel tapes may be placed on any magnetic tape
reel tapes must start on drive 1, then

drive, but multiple

drive 2, etcC.

TAPE FORMAT




B. TAPE LABEL (HEADER) RECCRD

This record consists of eight words (32 tytes), the first cof
which is the record type with an integer one didentifying it
as the tape label record.

111111111 12222222222133
101112131415161718191011121314i51617181910111213141516.,71819.011}

[]

e e e e e m e e e e e e e e, a--—-— -
0! Record Type 1 H
12 Date of Exercise '
3-6 Exercise Name '
7. Reel Number ' Site Location '

! ecmececeeccesceecmececcmaccceeaceeseceseeme-meeeam—meeeeseaacenee !

Site Locations are: 1 = Nellis Unmanned
2 = Yuna Urmannead
3 = QOceana Unmanned
4 = Sardinia Manned
S = Luke Manned
6 = Tyndall Not Updatied
7 = Holloman Manned
& = Canada Unnanned
9 = Korea Manned
10 = Oxinawa Manned

Note: Unmanned/Manned refers to the architecture of the TIS which
affects the Exercise Data Message, the Downlink Messasze, and
the Uplink Message.

TAPE LABEL RECCRD
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C. STATIC DATA RETORD

1
H

+ecord consists of a maximum of 677 words (2708 bytes)
. ¢d into data blocks. The first word is the record
ty/o  with an integer 2 identifying it 4s a static data

j record. "ata Block selection will vary azcording to the site
J and type of mission being flown.
4
Data plock organization is as follows:
) Biock Type Mumber  Name of Data Block
'
: 20 AQM Modes 1-5 Exercise Data Message
: 202 AM Mode 6 Exercise Data Message
- 203 “rike and N¢ Drop Bombinz Exercise Data Message
Y 20u~205 Reserved for Expansion
206 Sun and Atmosphere
207 Remote Site Positions
, 208 Pod Orientation
1 209 Range Status
X 21C Pod and Calibration Phase Delays
PR Calibration Rypass Cable Delay
. 212 Site Location Message
U
3
?
<4
y ADM MODE 1-5 EXERCISE DATA MESSAGE
' 1111111y i 222224022225353
. CI1I2 13818817 IRIQIDI1I212 USRI 2D I T U567 IBI9100 )
c: Bicck Type 201 : Biock . ._.h 200 1
& 1 Hour : Minute ' Second ' 17100 Second |
5 2 1AiMsg Labzal! Range Time i
N v Cumulative DDSC Status ET | EC | |
e e m—m e — A m——————————————m e -t
& L ' Date of b Exercise -
N 5 ! b ‘
g~ O | oo .
. o : - -
> - : Exercise Lo Name Vo
g. | . Vo
Y T T T
., o | RTC Name P and Squaircn -
9 1€, : - .
¢ i v Ex. Mode : v CCbT I CoL 1 CLE
-, 12 Vertizal Parity word I
"' e et Y T e r e :
'~. 16! . N ot BN ' A/C Type |
2C!

R R e e L L L I
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D. DYNAMIC DATA RECORD

This record consists of 3000 words (12000 bytes). The first
word is always an integer 3 and is followed by a variable
series of data blocks which may be grouped in any sequence
within a specific time period.

The key to this record is that each data block’s first word
contains the block type number and block length and the
second word has the time in hour, winute, second, and one
hundredth second format. This allows a program pointer to
read the first two words of a data block and determine if
that data block is to be used in the progran. The block
index is as follows:

Block Type Number Name of Data Block

301 Manned Downlink

302 Unmanned Downlink

303 Manned Uplink

304 Unmanned Uplink

305 Filter Qutput

306 Weapon Fire

307 Maneuver Data Message Mode 1 to 5
303 Maneuver [ata Message Mode 5

%09 Manual Fire Status Change

31C Remote Site Positions

m Simulation 1/0

312 Shrike Manzuver Data Message

313 No Drop Bombing Maneuver Data Message

System Timinz

Wher, the number of high activity aircraft are four or less
(uni-cycle), the system works on a 100 millisecond cycle.
Downlink and its resultant uplink are sent and received
within the same 100 millisecond time frame.

When the number of high activity aircraft are five or more
(bi-cycle), the system works with two 100 millisecond cycles.
Downlink is sent in one 100 millisecond time frame and its
resultant uplink is sent back in the next 100 millisecond
time frame.

The Unmanned Systems will display data in the [DS 100
miliiseconds after the same data 1is recorded on the CCS
Mission recording tape. This dJisparity is caused by the
transfer time from the CCS tc the LDS. The Manned Systems
will display data in the DDS with the same recorded time as
the CCS. Wnen comparing a printout of DIS engineering data
to a da%a reduction printout this should be taken into
consideraticn.
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FILTER CUTPUT
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E. WATCHDOG DATA RECORD

This record consists of 598 words (2392 bytes), the first of
which is the record type with an integer four identifying it
as a Watchdog Data Record.

[ 4

& WATCHDOG DATA RECORD
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563-578 A/C Tail Numbers '
579-594 Squadron Names :' -
595'-598 A/C Type Number (Site Dependent) '

®* The first record is numbered 1 and not O
as in previous examples.
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SELECTED DATA ITEM DEFINITIONS

Acceleration Components....

as sensed by the pod.

«vses.The acceleration of the aircraft

Thecse are,

in reality,

the acceleration

components of the pod which must be corrected for differences in

pod orientation and alignment.
Real,

squared. Format:
complement, fixed LSB

Range:

+/- 1976 feet per second
Derived from downlink messages (two's
0.060311 for P3 and 0.00625 for P4/P4S).

Also derived from filter output with no scaling required.

A/C Tail Numbers.......

...The tail numbers of the aircraft coded

in eight ASCII1 characters. Values: O through 9 Blank each
character. Format: ASCII.
A/C Type.cieeuven. Aircraft Type and Pod Position keyed to a site
dependent number from 1 to 64 as follows:
NELLIS YUMA EAST COAST LUKE & SARDINIA
1 F-4J/L A-4/1 F-4J/L F-4J'L
2 F-4J/R A-4/2 F-4J/R F-4J/R
3 F-4E/L A-4/3 F-4E/L F-4E/L
4 F-4E/R A-4/4 F-4E/R F-4E/R
5 F-111/L a-4/5 F-111/L F-111/L
6 F-111/R A-6/1 F-111/R F-111/R
7 F-14/L A-6/5 F-14/L F-14/L
8 F-14/R A=-7/1 F-14/R F-14/R
9 F-5/L A-7/2 F-5/L F~5/L
10 F-S5/R A-7/4 F-5/R F-5/R
11 F-8 A-7/5 F-8 F-8
12 F-8/L A-7/7 F-8/L F-8/L
13 F-8/R A-7/8 F-8/R F-8/R
14 A-7 AV-8/1 A-7 A-7
15 A-7/L AV-8/5 A-7/L A~-7/L
16 A-7/R F-4/20 A-7/R A-7/R
17 A-7/LW F-4/21 A-7/LW A-7/LwW
1ge A=-7/RW F-4E/81 A-7/RW A-7/RW
19 A-6/L F-4E/80 A-6/L A~6/L
20 A-6/R F-5/1 A-€/R A-6/R
21 F-15/L1I F-5/7 F-15/L F-15/L
22 F-15/RO F-14/1A F-15/R F-15/R
23 F-15/L0O F-14/1B A~4/C A-4/C
24 F-15/RI F-14/8B A-4/LI1 A-4/L1
25 A-4/C F-14/8A A-4/RI A-4/RI
26 A-4/L1 F-15/20 F-106/R F-106/R
27 A-4/RI F-15/21 F-106/L F-106/L
28 F-106/R F-15/81 F-1€/L F-16/L
29 F-106/L F-15/80 F~16/R F-16/R
30 F-16/L F-16/1 F-104/L1 F-104/L1




Bl ol al e 4

'y i Y SR L AW Y

- -
-3

.8

—

ESR R SO EERSY S O] SEBPTTT L LAT

31 F-16/R F-16/9 F-104/RI F-104/RI
32 F-104/L F-14A/L F-14A/L F-18/L
33 F-104/R F-14A/R F-14A/R F-18/R
34 F-5M/L F-14B/L F-14B/L F-104/L
35 F-5M/R F-14B/R F-14B/R F-104/R
36 F-15M/LI F-14C/L F-14C/L A-10/L
37 F-15M/RO F-14C/R F-14C/R A-10/R
38 F-15M/LO F=-4A/L F-4A/L F-15/LI
39 F-15M/RI F-4A/R F-4a/R F-15/RI
40 F-16M/LI F-4B/L F-4B/L F-4C/LO
41 F-16M/R F-4B/R F-4B/R F-4C/RO
42 F-4M/L F-4C/L F-4C/L F-4C/LI
43 F-4M/R F-4C/R F-4C/R F-4C/R1
44 F-ST/L F-4D/L F-4D/L
45 F-5T/R F-4D/R F-4D/R
46 F-15T/LI F-4F/L F-4F/L
47 F-15T/RO F-4F/R F-4F/R
48 F-15T/LO F-4G/L F-4G/L
49 F-15T/RI F-4G/R F-4G/R
50 F-16T/L F-14D/L F-14D/L
51 F-16T/R F-14D/R F-14D/R
52 F-4T/L F-18/1
53 F-4T/R F-18/20
54 F-18/21
55 F-18/81
56 F-18/80
57 F-18/9
58 ovV-10/L
59 OV-10/R
60-64 RESERVED FOR FUTURE USE
Format: Integer.

Aircraft ID...veven. .The number of the individual aircraft.

Values: O = Null, 1 thru 8 = High-activity aircraft, 9 thru 20 -
low activity aircraft. Format: Integer.

Block Length....eeu... Length of a data block in the dynamic data
record. Value: O to 3000 words. Format: Integer.
Block Type.........Delineates the block type as follows:
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Block Type Number Name of Data Block
Static Data Record

207 ACM Modes 1-5 Exercise Data Message

202 ACM Mode € Exercise Data Message

203 - Shrike and No Drop Bombing Exercise
Data Message

204-205 Reserved for Expansion

206 Sun and Atmosphere

207 Remte Site Positions

208 Pod Orientation

209 Range Status

210 Pod and Calibration Delay Times

211 Calibration Bypass Cable Delay

212 Site Location Messa